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DGYDQFHV LQ WKH LPSRUWDQW DVSHFW RI EROWHG MRLQW DVVHPEO\:KLOH WKLV LV DQ H[WUHPHO\ SRVLWLYH DGYDQFH VLQFH D
SURSHUO\GHVLJQHGMRLQWWKDWLVDVVHPEOHGSRRUO\ZLOOOLNHO\OHDNWKHORQJHUWHUPUHVROXWLRQRIFXUUHQWDFNQRZOHGJHG
JDSV LQ SUHVVXUH ERXQGDU\ EROWHG MRLQW GHVLJQ DQG DQDO\VLV LV VWLOO YHU\ PXFK GHVLUDEOH )URP WKH DXWKRU¶V
REVHUYDWLRQVWKHLQFLGHQFHRIKHDWH[FKDQJHUVDQGSLSLQJGHVLJQHGFRUUHFWO\WRFRGHEHLQJLQVWDOOHGLQWKHILHOGDQG
VXEVHTXHQWO\OHDNLQJZKLFKUHVXOWLQDPDMRULQFLGHQWGRHVQRWVHHPWREHDEDWLQJZLWKLQLQGXVWU\LQJHQHUDO
7KLVSDSHUVHHNVWRKLJKOLJKWDGYDQFHVPDGHLQWKUHHGLIIHUHQWDUHDVRIUHVHDUFKDQGGHYHORSPHQWLQWRSUHVVXUH
ERXQGDU\ EROWHG MRLQWV 7KH ILUVW LV WKH LQFRUSRUDWLRQ RI D 4XDQWLWDWLYH 5LVN%DVHG SURFHVVHV LQWR WKH GHVLJQ
DVVHPEO\DQGPDLQWHQDQFHRISUHVVXUHERXQGDU\EROWHGMRLQWV7KHJRDORIWKHVHHIIRUWVDUHWRHQDEOHWKHIRFXVRI
UHVRXUFHVPRVW DSSURSULDWHO\ EDVHG RQ WKH ULVN SRVHGE\ WKH MRLQWV LQ TXHVWLRQ7KHSURFHVVPD\ EH XVHG DW WKH
GHVLJQ VWDJH WR HOLPLQDWH WKHPRVW ULVN\ MRLQWV E\ GHVLJQLQJ WKHP RXW 7KLV FUHDWHV D VLJQLILFDQWO\ ORZHU ULVN RI
OHDNDJHDWWKHGHVLJQVWDJHSULRUWRHYHQDZHOGLQJDUFEHLQJVWUXFNGXULQJIDEULFDWLRQ7KHVHFRQGDUHDRIUHVHDUFK
LVWKHFUHHSUHOD[DWLRQEHKDYLRXURIEROWHGMRLQWPHWDOOLFFRPSRQHQWVVXFKDVWKHIODQJHVDQGEROWV7KLVDVSHFWLV
LPSRUWDQWLQRUGHUWRHQVXUHWKDWKLJKWHPSHUDWXUHMRLQWVDUHFDSDEOHRIRSHUDWLQJOHDNIUHHIRUWKHLQWHQGHGSHULRGRI
WLPH$VSURFHVVHTXLSPHQWGHVLJQWHPSHUDWXUHVEHFRPHKLJKHUDQGKLJKHUWKHOLPLWVRIRXUFXUUHQWWHFKQRORJ\DUH
EHLQJ IRXQG UHDFWLYHO\ E\ LQILHOG IDLOXUHV%HLQJ DEOH WRSURDFWLYHO\SUHGLFW WKH MRLQW ORQJ WHUPEHKDYLRXU DW WKH
GHVLJQ VWDJH HQDEOHV XV WR HLWKHU GHVLJQ WKH SUREOHPV RXW RU VKRXOG D SUREOHP EH IRXQG ODWHU SHUIRUPPDWHULDO
VXEVWLWXWLRQRUSODQQHGSHULRGLFWLJKWHQLQJLQRUGHUWRHOLPLQDWHWKHSRVVLELOLW\RIOHDNDJH7KHWKLUGDVSHFWRXWOLQHG
LQ WKLV SDSHU LV WKH HIIRUW WR FUHDWH D7UDLQWKH7UDLQHU FRXUVH DQG DVVRFLDWHGGHPRQVWUDWLRQ DQG H[DPLQDWLRQ ULJ
ZKLFKHQDEOHVIXOOFRPSOLDQFHZLWKWKHUHFHQWO\UHOHDVHG$60(3&&$SSHQGL[$UHTXLUHPHQWVIRUSUHVVXUH
ERXQGDU\EROWHGMRLQWDVVHPEOHUTXDOLILFDWLRQ
7KHVHLWHPVRIUHVHDUFKDQGGHYHORSPHQWDUHWKUHHRIWKHPDQ\DUHDVRIIXQGDPHQWDOUHVHDUFKDQGGHYHORSPHQW
LQWRSUHVVXUHERXQGDU\EROWHGMRLQWVWKDWDUHFXUUHQWO\EHLQJSHUIRUPHGLQ$XVWUDOLDDQGKDYHEHHQLQSURJUHVVVLQFH

5LVN%DVHG-RLQW,QWHJULW\
5LVN %DVHG -RLQW ,QWHJULW\ 5%-, KDV EHHQ GHYHORSHG RYHU WKH SDVW  \HDUV ,W LV EDVHG RQ WKH V\VWHPV DQG
SURFHGXUHVXVHGLQ5LVN%DVHG,QVSHFWLRQ5%,7KH5%-,DSSURDFKLVVLPLODUWRTXDQWLWDWLYH5%,LQWKDWLWLVEDVHG
RQFDOFXODWHGYDOXHVDQGDQDVVLJQHGSUREDELOLW\RIIDLOXUHEDVHGRQWKHFRPSDULVRQRIWKHFDOFXODWHGUHVXOWVZLWKD
VHWIDLOXUHFULWHULDEDVHGRQWKHGDPDJHPHFKDQLVPEHLQJFRQVLGHUHG7KH5%-,SURFHVVLVRXWOLQHGLQPRUHGHWDLOLQ
%URZQ>@7KHJRDORIWKHSURFHVVLVWRLGHQWLI\WKHSUREDELOLW\RIIDLOXUHRIDMRLQWEDVHGRQDVHULHVRIRSHUDWLRQDO
IDFWRUV NQRZQ DV GDPDJH PHFKDQLVPV 7KH FULWLFDO VWHS LQ GHYHORSLQJ 5%-, ZDV WR GHILQH WKH PRVW FRPPRQ
GDPDJHPHFKDQLVPVLHLGHQWLI\LQJZKDWPDNHVSUHVVXUHERXQGDU\EROWHGMRLQWVPRVWDWULVNRIOHDNDJH7KLVVWHS
WRRNRSHUDWLRQDONQRZOHGJHEDVHGRQWKHH[DPLQDWLRQRIKXQGUHGVRISUREOHPDWLFMRLQWVDQGNQRZQOHDNHUV
5LVNEDVHGPHWKRGVKDYHEHHQHPSOR\HGRQEROWHGMRLQWVWRGDWHEXWW\SLFDOO\PHWKRGVXVHGKDYHEHHQOLPLWHG
WRTXDOLWDWLYHSUREDELOLW\DVVHVVPHQWDSSURDFKHVZKLFKDOOWHQGWREHUHDFWLYHLQQDWXUHUDWKHUWKDQSURDFWLYH)RU
H[DPSOHWKLVPLJKWLQFOXGHLGHQWLI\LQJDOOKLJKWHPSHUDWXUHKHDWH[FKDQJHUVDVEHLQJDWULVNRIOHDNDJHRUNHHSLQJ
DOHDNDJHORJDQGHVWDEOLVKLQJDFRUUHVSRQGLQJOLVWRI³EDGDFWRUV´IRUDJLYHQVLWH,QVRPHFDVHVLWLVKLVWRULFDOO\
FOHDU WKDW FHUWDLQ MRLQWVZLOO EHSUREOHPDWLF IRU H[DPSOH$60(%136 FO MRLQWV DQG$60(%
6HULHV$FOMRLQWV+RZHYHUWKHVHDSSURDFKHVDUHOLPLWHGLQWKDWWKH\DUHUHDFWLYHDQGTXDOLWDWLYH$KLVWRU\RI
OHDNDJHPXVWEHHVWDEOLVKHGDQGMRLQWVDVVHVVHGDJDLQVWWKDWOLVW7KLVLVREYLRXVO\QRWLGHDODVLWUHTXLUHVLQWKHILUVW
SODFH VXIILFLHQW OHDNDJH WR KDYHRFFXUUHG VR DV WR HVWDEOLVK D EDVHOLQH DQG VHFRQGO\ DV D TXDOLWDWLYHPHWKRG LW
FDQQRWEHDGDSWHGWRQHZFRQILJXUDWLRQVQRUFDQLWDFFRXQWIRUYDULDWLRQLQSUDFWLFHVIURPRQHVLWHWRDQRWKHU
7KH5%-,DSSURDFKORRNVDWWKHSUREDELOLW\RIDMRLQWOHDNLQJEDVHGRQWKHFXPXODWLYHULVNRIDOORIWKHSRVVLEOH
GDPDJHPHFKDQLVPVIRUWKHMRLQW7KHILUVWVWHSLQGHILQLQJWKHPHWKRGRORJ\ZDVWRLGHQWLI\WKHPRVWDSSURSULDWH
GDPDJH PHFKDQLVPV IRU MRLQW OHDNDJH $W SUHVHQW WKHVH KDYH EHHQ LGHQWLILHG EDVHG RQ WKH PRVW FRPPRQ
PHFKDQLVPVWKDWKDYHKLVWRULFDOO\EHHQIRXQGWRFDXVHMRLQWOHDNDJH
D 5HVLGXDOSUREDELOLW\RIIDLOXUHIRUWKHVLWH532)
7KLV LV WKH UHVLGXDO ULVNDVVRFLDWHGZLWK IODQJH OHDNDJHDW WKH VLWHGXH WR IODQJHDVVHPEO\SUDFWLFHV ,W LV
HVVHQWLDOO\ WKH ULVN DVVRFLDWHGZLWK WKH SUREDELOLW\ RI LQFRUUHFW DVVHPEO\ RI WKH MRLQW 7KH ULVN LQFUHDVHV
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ZLWKSRRUHUDVVHPEO\SUDFWLFHVDQGUHGXFHVDVWKHDVVHPEO\SUDFWLFHVDVVHPEOHUTXDOLILFDWLRQSURFHGXUHV
ORDGFRQWUROHWFLPSURYH
E -RLQWOHDNDJHSUREDELOLW\RIIDLOXUH32)/%
7KLV LV WKHSUREDELOLW\DVVRFLDWHGZLWKWKHJDVNHWVWUHVVEHLQJWRRORZGXULQJRSHUDWLRQUHVXOWLQJLQMRLQW
OHDNDJH7KHSUREDELOLW\RIOHDNDJHLVGHWHUPLQHGEDVHGRQWKHEXIIHUDJDLQVWOHDNDJHLQWKHMRLQWLQWHJULW\
GLDJUDPDVRXWOLQHGLQ:5&>@
F -RLQWFRPSRQHQWGDPDJHSUREDELOLW\RIIDLOXUH32)'%
7KLVLVWKHSUREDELOLW\RIRYHUORDGRIDFRPSRQHQWRIWKHMRLQWEROWVIODQJHVRUJDVNHWVFDXVLQJOHDNDJH
,Q WKH FDVH RI WKH EROWV LW LV EROW \LHOG IRU WKH IODQJHV LW LV WKH OLPLW RI JURVV SODVWLF GHIRUPDWLRQ LQ
DFFRUGDQFHZLWK:5&>@DQGIRUWKHJDVNHWLWLVWKHVWUHVVWKDWZLOOFDXVHLUUHFRYHUDEOHGDPDJH,QDOO
FDVHVWKLVGDPDJHPHFKDQLVPPXVWEHDVVHVVHGIRUERWKWKHDVVHPEO\DQGRSHUDWLQJFDVHV
G )ODQJHRSHUDWLRQDOURWDWLRQSUREDELOLW\RIIDLOXUH32)25
7KLVLVWKHSUREDELOLW\RIRSHUDWLRQDOIODQJHURWDWLRQ:5&>@UHVXOWLQJLQJDVNHWGDPDJHRUOHDNDJH
7KHSUREDELOLW\RIIDLOXUHLVREWDLQHGE\FRPSDULQJWKHFDOFXODWHGRSHUDWLRQDOURWDWLRQGXULQJWUDQVLHQWDQG
XSVHWFRQGLWLRQVZLWKDQDFFHSWDQFHOLPLWEDVHGRQWKHJDVNHWW\SHHPSOR\HG
H )ODQJHDVVHPEO\URWDWLRQSUREDELOLW\RIIDLOXUH32)$5
7KLVLVWKHSUREDELOLW\RIIODQJHURWDWLRQGXULQJDVVHPEO\FDXVLQJHLWKHUJDVNHWOHDNDJHRUJDVNHWGDPDJH
2QFH DJDLQ WKH FDOFXODWHG IODQJH URWDWLRQ LV FRPSDUHG WR DQ DFFHSWDQFH OLPLW EDVHG RQ WKH JDVNHW W\SH
HPSOR\HG
I -RLQWUDGLDOVKHDUSUREDELOLW\RIIDLOXUH32)56
7KLVLVWKHSUREDELOLW\RIIDLOXUHDVVRFLDWHGZLWKGLIIHUHQWLDOUDGLDOPRYHPHQWRIWKHIODQJHSDLURUEHWZHHQ
WKHIODQJHDQGWXEHVKHHWVSDFHU%URZQ>@7KHGLIIHUHQWLDOUDGLDOH[SDQVLRQLVFDOFXODWHGIRUWKHZRUVW
FDVHZKLFK W\SLFDOO\ RFFXUVGXULQJ WKHUPDO WUDQVLHQWV7KH DFFHSWDQFH OLPLW LV EDVHGRQ WKHJDVNHW W\SH
HPSOR\HG
J -RLQWFUHHSUHOD[DWLRQSUREDELOLW\RIIDLOXUH32)&5
7KLV LV WKH SUREDELOLW\ RI DGGLWLRQDO FUHHSUHOD[DWLRQ RI WKH PHWDOOLF FRPSRQHQWV FRQWULEXWLQJ WR MRLQW
OHDNDJHLQWKHORQJHUWHUP,WLVEDVHGRQWKHUHGXFWLRQLQJDVNHWVWUHVVH[SHFWHGGXHWRFUHHSUHOD[DWLRQRI
WKH IODQJHV DQG EROWV %URZQ >@ 7KH UHODWLYHO\ VKRUW WHUP UHOD[DWLRQ RI WKH JDVNHW LV LQFOXGHG LQ WKH
FDOFXODWLRQSHUIRUPHGIRU32)/%
K -RLQWDOLJQPHQWSUREDELOLW\RIIDLOXUH32)$/
7KLVLVWKHSUREDELOLW\RIMRLQWPLVDOLJQPHQWFRQWULEXWLQJWRMRLQWOHDNDJHDQGLVEDVHGRQWKHIRUFHUHTXLUHG
WREULQJSLSLQJLQWRDOLJQPHQW,WLVQRWW\SLFDOO\UHOHYDQWIRUHTXLSPHQWDQGLVGLIIHUHQWWRSLSLQJH[WHUQDO
ORDGVZKLFKDUHLQFOXGHGLQ32)/%
2QFHWKHLQGLYLGXDO32)¶VDUHGHWHUPLQHGWKHRYHUDOO32)IRUWKHMRLQWFDQEHHVWDEOLVKHGE\VXPPLQJDOORIWKH
32)V
        Joint LB DB OR AR RS CR ALPOF RPOF POF POF POF POF POF POF POF         
7KH32)¶VDUHH[SUHVVHGDVWKHQXPEHURILQFLGHQWVWKDWZLOORFFXULQRQH\HDUGXHWRWKHGDPDJHIDFWRUWKDWLV
XQGHUFRQVLGHUDWLRQ'HSHQGLQJRQ WKHDSSOLFDWLRQ LWPD\EHHDVLHURUPRUHDSSURSULDWH WR OLVW WKH)DLOXUH3HULRG
)3DVVRFLDWHGZLWKWKHMRLQWRUGDPDJHPHFKDQLVP7KH)3LVVLPSO\WKHLQYHUVHRIWKH32)DQGLVWKHUHIRUHWKH
QXPEHURI\HDUVH[SHFWHGEHWZHHQ OHDNDJH WKDW LVFDOFXODWHG IRU WKH MRLQWRUGDPDJHPHFKDQLVP7KHFDOFXODWLRQ
PHWKRGRORJ\ IRU HDFKRI WKH GDPDJHPHFKDQLVPV LV EDVHGRQ MRLQW LQWHJULW\ FDOFXODWLRQPHWKRGV DQG H[SHULHQFH
ZLWKOLPLWVDVVRFLDWHGZLWKWKRVHFDOFXODWLRQVZKLFKKDVEHHQJDLQHGRYHUWKHODVWWR\HDUV)RUHDFKGDPDJH
PHFKDQLVP LW LV QHFHVVDU\ WR ILUVWO\ FDOFXODWH WKH FKDUDFWHULVWLFPHDVXUH IRU WKH MRLQW EHLQJ FRQVLGHUHG DQG WKHQ
VHFRQGO\WRFRPSDUHWKDWPHDVXUHWRDUHODWLRQVKLSEHWZHHQWKHPHDVXUHDQGWKHOLNHOLKRRGRIOHDNDJH)RUH[DPSOH
WKH32)/%LVGHWHUPLQHGXVLQJDQDGYDQFHGMRLQWLQWHJULW\DVVHVVPHQWIURPZKLFKWKHVLPSOLILHGPHWKRGVRXWOLQHG
LQ:5&>@DQG$60(3&&$SSHQGL[2>@ZHUHWDNHQ
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7KH5%-,PHWKRGFDQEHDSSOLHGWRGHPRQVWUDWHWKHLPSDFWRISURSRVHGLPSURYHPHQWVIRUDQ\JLYHQMRLQW7KH
XVH RI 5%-, LV SDUWLFXODUO\ DSSOLFDEOH ZKHQ LW EHFRPHV QHFHVVDU\ WR SURYLGH MXVWLILFDWLRQ IRU KHDW H[FKDQJHU RU
SLSLQJ UHSODFHPHQW LQ FDVHV ZKHUH WKH H[LVWLQJ MRLQWV DUH NQRZQ WR EH SUREOHPDWLF 7KH PHWKRG DOORZV DQ
DVVHVVPHQWRIWKHOHYHORILPSURYHPHQWWKDWFDQEHH[SHFWHGVXEVHTXHQWWRWKHUHSODFHPHQW7\SLFDOO\LIDMRLQWLV
LGHQWLILHG DV SUREOHPDWLF WKHQ WKH IDLOXUH SHULRG ZLOO EH OHVV WKDQ WKH XQLW UXQ WLPH %\ DSSO\LQJ DSSURSULDWH
SXUFKDVHVSHFLILFDWLRQUHTXLUHPHQWVWRUHGHVLJQWKHMRLQWRUE\LQGLYLGXDOO\GHWHUPLQLQJDSSURSULDWHPRGLILFDWLRQVWR
WKHMRLQWDVLJQLILFDQWLPSURYHPHQWLQMRLQWLQWHJULW\FDQXVXDOO\EHREWDLQHGLILWLVUHSODFHG%DVHGRQFRPSDULVRQ
RIWKHFXUUHQW)3DQGWKHPXFKORQJHU)3IRUWKHUHSODFHPHQWMRLQW LWEHFRPHVUHODWLYHO\HDV\WRGHPRQVWUDWHWKH
EHQHILWRIWKHH[SHQGLWXUHLQUHSODFLQJWKHHTXLSPHQWRUSLSLQJMRLQW
$QH[DPSOHRIWKLVSURFHVVLVVKRZQLQ)LJZKLFKVKRZVWKH5%-,UHVXOWVIRUWKHRULJLQDOWXEHVKHHWMRLQWRQDQ
H[FKDQJHU XVLQJ D GRXEOH MDFNHWHG JDVNHW 7KH 5%-, UHVXOWV RI XVLQJ DQ DOWHUQDWLYH ³FRPPRQ IL[´ NDPSURILOH
*0&/JDVNHWLVVKRZQLQ)LJ,WFDQEHVHHQWKDWZKLOHLPSURYLQJWKH)3IURPRQH\HDUWRDURXQG\HDUV
VLQFHWKHMRLQWZDVDVVRFLDWHGZLWKD0HGLXPEXVLQHVVFRQVHTXHQFHWKHULVNUHPDLQVLQWKH0HGLXP+LJKFDWHJRU\
ZKLFKUHTXLUHGIXUWKHUPLWLJDWLRQLQDFFRUGDQFHZLWKWKHFRUSRUDWHVWDQGDUG$QDOWHUQDWLYHMRLQWGHVLJQEDVHGRQ
UHYLVHGKHDWH[FKDQJHUVSHFLILFDWLRQUHTXLUHPHQWVZDVGHYHORSHG7KH5%-,UHVXOWVIRUWKHUHSODFHPHQWH[FKDQJHU
FRQILJXUDWLRQDUHVKRZQLQ)LJ,WFDQEHVHHQWKDWWKHLPSURYHPHQWLVVLJQLILFDQWZLWKWKHSUREDELOLW\UHGXFHGWR
/RZ WKHULVNUHPDLQVDW0HGLXPDQG WKHUHIRUHQRWUHTXLULQJDQ\IXUWKHUPLWLJDWLRQ7KH LPSURYHPHQW LQ)3ZDV
GHPRQVWUDWHGWRJRIURPWKHRULJLQDO\HDUWR\HDUVIRUWKHH[LVWLQJRSWLRQWRRYHU\HDUVIRUWKHUHGHVLJQHG
RSWLRQWKXVFOHDUO\FRQILUPLQJWKHEHQHILWRIH[FKDQJHUUHSODFHPHQWDQGDVVLVWLQJLQH[SHQGLWXUHMXVWLILFDWLRQVLQFH
WKHULVNKDVQRZEHHQUHGXFHGWRDFFHSWDEOHOHYHOV
:KLOH WKH DFFXUDF\ RI WKH 5%-, DSSURDFK LV PRVW HDVLO\ FRQILUPHG EDVHG RQ UHVROYLQJ FXUUHQWO\ NQRZQ
SUREOHPDWLF MRLQWV VXFKDV WKHSUHYLRXVH[DPSOH WKHSRZHURI WKHPHWKRGEHFRPHVPRVW DSSDUHQWZKHQDSSOLHG
DFURVVDSRSXODWLRQRIMRLQWV7KHUHDUHDPXOWLWXGHRIXVHVIRU5%-,RYHUDMRLQWSRSXODWLRQLQFOXGLQJ
D$SSURSULDWHDVVLJQPHQWRIDVVHPEO\UHVRXUFHVIRUDSURMHFWRUSODQWPDLQWHQDQFH
E,GHQWLI\LQJSUREOHPDWLFMRLQWVDWWKHGHVLJQSKDVHLQRUGHUWRHQVXUHWKH\FDQEHDGGUHVVHGSULRUWRIDEULFDWLRQ
F&RVW%HQHILWDQDO\VLVIRUFRPSDULVRQRIGLIIHUHQWMRLQWDVVHPEO\SUDFWLFHVRUJDVNHWVHOHFWLRQFKRLFHV
G)DFLOLWDWLRQRIDXGLWVIRUFXUUHQWMRLQWLQWHJULW\SUDFWLFHV
H3URYLGLQJDTXDQWLWDWLYH.3,IRUWUDFNLQJWKHOHYHORILPSURYHPHQWDVVRFLDWHGZLWKDMRLQWLQWHJULW\SURJUDP
I (QDEOLQJ GHWHUPLQDWLRQ RI WKH OHYHO RI XUJHQF\ DVVRFLDWHGZLWK UHFWLILFDWLRQ RI SUHYLRXV SRRU RU VXSHUVHGHG
GHVLJQRUDVVHPEO\SUDFWLFHVIRUEROWHGMRLQWV
)RU H[DPSOH DW WKH SURMHFW GHVLJQ SKDVH LH EHIRUH LW LV WRR ODWH DPLQLPXP DFFHSWDEOH ULVN OHYHOPD\ EH
GHILQHGDQGDQDO\VLVRIDOOMRLQWVFRQGXFWHGWRGHWHUPLQHZKLFKJURXSVRIMRLQWVKDYHD)3H[FHHGLQJWKHPLQLPXP
UHTXLUHPHQW $W WKDW VWDJH GHVLJQ PRGLILFDWLRQ PD\ EH UHODWLYHO\ VLPSOH VXFK DV LQFUHDVLQJ WKH IODQJH UDWLQJ
UHGXFLQJ H[WHUQDO SLSLQJ ORDGVRU VHOHFWLQJ DPRUH DFFXUDWH DVVHPEO\PHWKRG IRU H[DPSOH ,Q WKLVZD\ WKHEHVW
SRVVLEOHRXWFRPHIRUWKHHQGXVHULVDFKLHYHGLQWKDW³EDGDFWRU´MRLQWVZLOOKDYHEHHQDYRLGHGRQWKHSURMHFWDWWKH
GHVLJQVWDJH7KLVHQDEOHVLQLWLDO OHDNIUHHVWDUWXSOHDNIUHHVXEVHTXHQWRSHUDWLRQDQGVXFFHVVLYHVXEVHTXHQWOHDN
IUHHVWDUWXSVGXHWRWKHDEVHQFHRIWKHFRPPRQLQKHUHQWO\SUREOHPDWLFMRLQWV
$ VHFRQG H[DPSOH LVZKHUH WKH GHVLJQRU DVVHPEO\SUDFWLFHV KDYH FKDQJHG IRU H[DPSOHZKHQ WUDQVLWLRQRI D
SURMHFWIURPFRPPLVVLRQLQJWRRSHUDWLRQRFFXUVDQGWKHIDEULFDWLRQMRLQWDVVHPEO\SUDFWLFHVGLGQRWPDWFKFXUUHQW
EHVW SUDFWLFH RU PD\ EH IRXQG WR KDYH EHHQ HLWKHU HUURQHRXVO\ DSSOLHG RU SRRUO\ FRQFHLYHG LQ WKH ILUVW SODFH
2EYLRXVO\DWWKDWSRLQWWKHLQVWUXFWLRQWRJRRXWDQGUHWLJKWHQHYHU\MRLQWZRXOGSUREDEO\PHHWZLWKPDQDJHPHQW
UHVLVWDQFH+RZHYHUE\XVLQJ WKH5%-,DSSURDFK LW LVSRVVLEOHWR LGHQWLI\PXOWLSOH OHYHOVRI ULVNDQG WKHQ LQLWLDWH
DFWLRQFRUUHVSRQGLQJWRWKHOHYHORIXUJHQF\EDVHGRQWKRVHULVNOHYHOV,QRQHH[DPSOHMRLQWVZLWKDIDLOXUHSHULRG
RIOHVVWKDQWKHLQLWLDOUXQZHUHLGHQWLILHGIRULPPHGLDWHFRUUHFWLYHDFWLRQMRLQWVZLWKDIDLOXUHSHULRGRIRQHWRWZR
UXQVZHUHDGGUHVVHGDWWKHILUVWXQLWVKXWGRZQDQGWKHRWKHUMRLQWVZHUHVLPSO\WUHDWHGDVSHUQRUPDOSUDFWLFHV
$WKLUGH[DPSOHLQYROYHVUHGXFWLRQRIWXUQDURXQGVFRSHRIZRUNE\UHGXFLQJWKHDPRXQWRISRVWDVVHPEO\OHDN
WHVWLQJSHUIRUPHG%\XVLQJ5%-,RQ WKHMRLQWV WKDWDUH WREH WHVWHG LW LVSRVVLEOH WR LGHQWLI\ WKH MRLQWV WKDWDUHDW
PRVWULVNRIOHDNDJHJLYHQWKHDFWXDODVVHPEO\SUDFWLFHVHPSOR\HGGXULQJWKHWXUQDURXQG7KLVHQDEOHVMRLQWVZLWK
DORZHUULVNWREHFODVVHGDVDFFHSWDEOHWRRQO\SHUIRUPDVWDUWXSOHDNWHVWRQUDWKHUWKDQDSRVWDVVHPEO\OHDNWHVW
7KLVUHGXFHVWKHVFRSHRIOHDNWHVWLQJIRUWKHWXUQDURXQGWKHUHE\SRWHQWLDOO\UHGXFLQJWKHFULWLFDOSDWKVLJQLILFDQWO\
%\EDVLQJWKHGHFLVLRQRQ5%-,UHVXOWV WKHRYHUDOO LQFUHDVHLQ OLNHOLKRRGRISURGXFWLRQORVVGXHWRILQGLQJD OHDN
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GXULQJ WKH VWDUWXS OHDN WHVW DQG WLPH UHTXLUHG WR UHFWLI\ LVPLQLPLVHG DQG WKHUHIRUH WKH QHW RXWFRPHZLOO EH D
UHGXFWLRQLQRYHUDOO WXUQDURXQGOHQJWKZLWKOLWWOH LQFUHDVHLQSUREDELOLW\RI OHDNDJHGXULQJVWDUWXS:LWKRXW5%-,
UHGXFLQJSRVWDVVHPEO\OHDNWHVWLQJZLOODOZD\VFDUU\DULVNWKDWWKHWXUQDURXQGOHQJWKZLOOEHJUHDWHULIVLJQLILFDQW
OHDNDJHLVGLVFRYHUHGGXULQJVWDUWXSOHDNWHVWLQJ


)LJ5%-,5HVXOWV&XUUHQW7XEHVKHHW-RLQW'-*DVNHW


)LJ5%-,5HVXOWV&XUUHQW7XEHVKHHW-RLQW±*0&/
Runtime(years): 3 SiteControls: VeryGood
SiteResidualPOF: 0.001 incidents/year
JointPOF: 0.9556 incidents/year
Equiv.FailurePeriod: 1.046493 years
POF(RadialShear): 0.7391 / 1.4 years
POF(Leakage): 0.2154 / 4.6 years
POF(SiteResid.): 0.0010 / 1000.0 years
High(within3years)
Medium(within10years)
Low(within100years)
Unlikely(within1000years)
Consequence => Low Medium Med. High High
Runtime(years): 3 SiteControls: VeryGood
SiteResidualPOF: 0.001 incidents/year
JointPOF: 0.0358 incidents/year
Equiv.FailurePeriod: 27.96235 years
POF(Leakage): 0.0242 / 41.3 years
POF(Damage): 0.0106 / 94.6 years
POF(SiteResid.): 0.0010 / 1000.0 years
High(within3years)
Medium(within10years)
Low(within100years)
Unlikely(within1000years)
Consequence=> Low Medium Med.High High
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

)LJ5%-,5HVXOWV5HGHVLJQHG7XEHVKHHW-RLQW
%ROW0DWHULDO&UHHS5HOD[DWLRQ
3UHYLRXVUHVHDUFKZRUNLQWRKLJKWHPSHUDWXUHRSHUDWLRQRISUHVVXUHERXQGDU\EROWHGMRLQWV%URZQ>@LGHQWLILHG
WKDWDQDO\VLVRIWKHFUHHSUHOD[DWLRQRIWKHPHWDOOLFMRLQWFRPSRQHQWVVXFKDVWKHIODQJHVDQGEROWVZDVUHODWLYHO\
HDV\+RZHYHUWKHUHLVDSUREOHPLQWKDWZKLOHWKHDQDO\VLVPHWKRGH[LVWVWKHUHLVDODFNRIVXLWDEOHPDWHULDOPRGHOV
DQGDVVRFLDWHGPDWHULDOSURSHUWLHVWKDWFDQEHXVHGLQWKHDQDO\VLVPHWKRG7KHFUHHSUHOD[DWLRQGDWDWKDWLVDYDLODEOH
LVOLPLWHGDQGVLQFHLWFRPHVIURPDYDULHW\RIVRXUFHVVRPHZKDWYDULDEOHLQQDWXUHIRUFRPPRQSUHVVXUHERXQGDU\
EROWHG MRLQWPDWHULDOV ,W LVFRPPRQ WKDW WKH WHVWGDWDGRHVQRWFRYHUDVXIILFLHQW WLPH IUDPHVXFK WKDW WKH UDWHRI
FUHHSUHOD[DWLRQKDVUHGXFHGWRQHJOLJLEOH7KLVPHDQVWKDWHYHQLIWKHGDWDLVXVHGGLUHFWO\LWZLOORYHUHVWLPDWHWKH
DPRXQW RI FUHHSUHOD[DWLRQ WKDWZLOO EH VHHQE\ WKH MRLQW 7R UHVROYH WKLV SUREOHP ,(6KDV EHHQ DFWLYHO\ WHVWLQJ
FRPPRQSUHVVXUHERXQGDU\EROWHGMRLQWEROWVDWDYDULHW\RIEROWVWUHVVDQGWHPSHUDWXUHOHYHOV7KHQH[WSKDVHRI
WHVWLQJZLOOEHWKHLQFRUSRUDWLRQRIFRPPRQIODQJHPDWHULDOVLQWRWKHWHVWSURJUDPVXFKWKDWERWKIODQJHVDQGEROWV
DUHFRYHUHG
7KHXOWLPDWHJRDOZLOOEHWRXVHWKHJDWKHUHGGDWDWRIRUPXODWHDVXLWDEOHPDWHULDOPRGHODQGDVVRFLDWHGSURSHUWLHV
IRU FRPPRQ IODQJHDQGEROWPDWHULDOV7KHGDWDFDQ WKHQEHXVHG LQFUHHSUHOD[DWLRQFDOFXODWLRQV IRU WKH MRLQW LQ
RUGHUWRGHWHUPLQHWKHH[SHFWHGFRQWULEXWLRQRIWKHPHWDOOLFFRPSRQHQWVWRWKHORQJWHUPLQWHJULW\RIWKHMRLQW7KLV
ZLOO HQDEOH WURXEOHVKRRWLQJ RI SUREOHPDWLF MRLQWV DQG PRUH LPSRUWDQWO\ ZLOO HQDEOH WKH FRUUHFW DVVHVVPHQW RI
PDWHULDOVVHOHFWLRQIRUWKHLQWHQGHGVHUYLFHDWWKHGHVLJQVWDJH3ULRUWRWKHFRPSOHWLRQRIWKLVZRUNKRZHYHUVRPH
LQWHUHVWLQJREVHUYDWLRQVFDQEHPDGHZLWKUHJDUGVWREDVLFPDWHULDOVVHOHFWLRQIRUGLIIHUHQWEROWPDWHULDOVDWGLIIHUHQW
WHPSHUDWXUHVLQFOXGLQJDFRPSDULVRQEHWZHHQWKHH[SHFWHGEHKDYLRXURIGLIIHUHQWPDWHULDOVDWWKHVDPHWHPSHUDWXUH
LHZKDWWKHDGYDQWDJHZLOOEHWRXVLQJRQHPDWHULDORYHUWKHRWKHUDWDJLYHQWHPSHUDWXUH
7KHWHVWLQJFRQVLVWVRIWLJKWHQLQJDEROWRQDVROLGVWHHOF\OLQGHUDQGSODFLQJLWLQDQRYHQIRUDSHULRGRIWLPH)LJ
7KHUHVLGXDOVWUHVVEDVHGRQUHVLGXDOHODVWLFHORQJDWLRQLVWKHQPHDVXUHGRQFHWKHEROWKDVFRROHG7KHUHGXFWLRQ
LQEROW VWUHVVGXULQJ WKH WLPH LQ WKHRYHQ LVDFRPELQDWLRQRIPDWHULDO\LHOGDW WHPSHUDWXUHFUHHSDQGUHOD[DWLRQ
7UDGLWLRQDOO\HDFKGDWDSRLQWRQWKHJUDSKUHTXLUHGDVHSDUDWHWHVWVRWRHVWDEOLVKWKHIXOOUHOD[DWLRQEHKDYLRXURID
VLQJOH PDWHULDO RYHU DQ H[WHQGHG SHULRG RI WLPH ZRXOG KDYH UHTXLUHG PXOWLSOH WHVWV SHUIRUPHG ZLWK GLIIHUHQW
VSHFLPHQVDWLQFUHDVLQJWHVWGXUDWLRQV2QHOLQHRQDFUHHSUHOD[DWLRQJUDSKIRURQHPDWHULDODWRQHVWUHVVOHYHODQG
Runtime(years): 3 SiteControls: VeryGood
SiteResidualPOF: 0.001 incidents/year
JointPOF: 0.0019 incidents/year
Equiv.FailurePeriod: 514.4275 years
POF(SiteResid.): 0.0010 / 1000.0 years
POF(Op.Rotation): 0.0005 / 2102.7 years
POF(Leakage): 0.0005 / 2137.3 years
High(within3years)
Medium(within10years)
Low(within100years)
Unlikely(within1000years)
Consequence=> Low Medium Med.High High
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RYHU D UHDVRQDEOH SHULRG RI WLPHZRXOG KDYH WDNHQ XSZDUGV RI  LQGLYLGXDO WHVWV WKXV LQFUHDVLQJ WKH WHVW WLPH
H[SHQVHDQGLQKHUHQWWHVWYDULDWLRQ,(6KDYHHVWDEOLVKHGDSURSULHWDU\PHWKRGIRUPHDVXULQJWKHUHVLGXDOVSHFLPHQ
VWUHVVZLWKRXWGLVWXUELQJHLWKHUWKHVSHFLPHQRUWKHF\OLQGHU7KLVPHDQVWKDWDVLQJOHOLQHIRURQHPDWHULDODWRQH
WHPSHUDWXUHDQGRYHUDUHDVRQDEOHSHULRGRIWLPHQRZRQO\WDNHVRQHVSHFLPHQ7KLVJUHDWO\LQFUHDVHVWKHDPRXQWRI
GDWDWKDWFDQEHREWDLQHGZLWKLQDJLYHQSHULRGRIWLPHPRUHGDWDSRLQWV,WIDFLOLWDWHVJDWKHULQJRIPRUHORQJWHUP
GDWDWKDQZDVWUDGLWLRQDOO\JDWKHUHGDQGPRUHIUHTXHQWJDWKHULQJRIGDWDGXULQJWKHWHVWSHULRG


)LJ([DPSOH%ROW&UHHS5HOD[DWLRQ7HVW6HWXS


)LJ%ROW&UHHS5HOD[DWLRQ7HVW5HVXOWV$%#03D
$Q H[DPSOH EROW FUHHSUHOD[DWLRQ JUDSKZKLFK VKRZV WKH UHOD[DWLRQ RI DQ$% VWXG EROWZLWK$+
ZKHQWLJKWHQHGWR03DEROWVWUHVVDQGKHDWHGWRGLIIHUHQWWHPSHUDWXUHOHYHOVLVVKRZQLQ)LJ,WFDQEHVHHQ
WKDW WKH EROW UHOD[DWLRQ OHYHO LQFUHDVHV VXEVWDQWLDOO\ DW WHPSHUDWXUHV DERYH & ) ZLWK WKH KLJKHU
WHPSHUDWXUHVFRUUHVSRQGLQJ WR OHVV WKDQUHPDLQLQJEROW ORDGDIWHUD UHODWLYHO\VKRUW WLPHSHULRG ,WVKRXOGEH
QRWHGKRZHYHUWKDWWKHWHVWVGHWHUPLQHDZRUVWFDVHUHOD[DWLRQDQGFDQQRWEHUHODWHGGLUHFWO\WREROWEHKDYLRXULQD
SUHVVXUH ERXQGDU\ IODQJH ZLWKRXW FRQVLGHUDWLRQ RI PHFKDQLFDO LQWHUDFWLRQ DQG WKH FUHHSUHOD[DWLRQ RI RWKHU
FRPSRQHQWVLHLWZRXOGEHRYHUO\FRQVHUYDWLYHWRWDNHWKHHQGSRLQWRIWKHJUDSKDVWKHUHPDLQLQJEROWORDGLQD
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SUHVVXUHERXQGDU\EROWHGMRLQWDVVHVVPHQW+RZHYHUWKHUHVXOWVGRJLYHDQLQGLFDWLRQWKDWWKHFXUUHQWOLPLWSODFHG
RQ WKH XVH RI $% EROWV LQ $60( 9,,, ',Y  &  ) LV SUREDEO\ WRR RSWLPLVWLF ZLWK RQO\ D
UHODWLYHO\VKRUWSHULRGRIWKDWWHPSHUDWXUHUHTXLUHGWRUHOD[WKHPDMRULW\RIWKHEROWORDG
$VHFRQGSUHOLPLQDU\UHVXOWLVVKRZQLQ)LJIRUWKHSHUIRUPDQFHRIGLIIHUHQWEROWPDWHULDOVZKHQORDGHGWR
03DDQGKHDWHG WR)7KHYDULDWLRQ LQSHUIRUPDQFH LVVLJQLILFDQWZLWK WKH ORZHU\LHOG%0PDWHULDO ORVLQJ
DURXQGRIWKHEROWORDGWKH$*UEROWVORVLQJDQHJOLJLEOHDPRXQWWKH$%ZLWK*UQXWVORVLQJ
VOLJKWO\PRUHWKDQRIWKHEROWORDGWKH$%ZLWK*U+QXWVDQGWKH$%EROWVORVLQJVOLJKWO\OHVV
WKDQ  RI WKH EROW ORDG ,W FDQ EH VHHQ WKHUHIRUH WKDW EROW DQG QXWPDWHULDO VHOHFWLRQ DW KLJKHU WHPSHUDWXUHV
EHFRPHVYHU\LPSRUWDQWLIMRLQWOHDNDJHLVWREHDYRLGHG7KHXVHRI*U+QXWVZLWK%EROWVLVFRQILUPHGDVSRRU
SUDFWLFHDQGWKHDGYDQWDJHRI%EROWVRYHU%LVDOVRFRQILUPHGIRUWHPSHUDWXUHV&)DQGDERYH


)LJ%ROW&UHHS5HOD[DWLRQ7HVW5HVXOWV03DDQG&)
$60(3&&$SSHQGL[$7UDLQWKH7UDLQHU'HYHORSPHQW
$60(3&&$SSHQGL[$ZDVLQWURGXFHGGXHWRDGLVFRQWHQWZLWKLQLQGXVWU\UHJDUGLQJWKHOHYHORIWUDLQLQJDQG
TXDOLILFDWLRQ DYDLODEOH IRU SUHVVXUH ERXQGDU\ EROWHG MRLQW DVVHPEOHUV %URZQ >@ 7KH UHODWLYHO\ UHFHQW LQGXVWU\
IRFXV RQ WKH LPSRUWDQFH RI EROWHG MRLQW DVVHPEO\ RYHU WKH ODVW  \HDUV KDV OHG WR WKH UHFHQW UHOHDVH RIPXOWLSOH
VRXUFHVRILQGXVWU\VWDQGDUGL]DWLRQIRUDVVHPEOHUTXDOLILFDWLRQ7KHHIIRUWZDVOHGRQDQLQWHUQDWLRQDOOHYHOE\WKH
UHOHDVH RI$60(3&&$SSHQGL[$ LQ1RYHPEHU 2QH RI WKH SUREOHPV LQ GHYHORSLQJ JXLGDQFH VXFK DV
$SSHQGL[$IRUZKLFKWKHUHLVDGHDUWKRIH[LVWLQJLQGXVWU\UHTXLUHPHQWVZDVWRWU\DQGVWULNHDEDODQFHEHWZHHQ
DGKHUHQFH WR WKH H[LVWLQJ NQRZOHGJH DQG WUDLQLQJ SURFHVVHV ZKLFK ZHUH LQ SUDFWLFH SULRU WR  DQG DOUHDG\
DFNQRZOHGJHG DV GHILFLHQW E\ LQGXVWU\ DQG WKH GHVLUH WR SXW LQWR WKH GRFXPHQW WKH XOWLPDWH JRDOV UHJDUGLQJ
DVVHPEOHUTXDOLILFDWLRQ7KHJXLGHOLQHVEHFDPHVRPHZKDWRIDVWUHWFKWDUJHWZLWKFRPSURPLVHEHWZHHQZKDWZDV
SHUFHLYHGDVSRVVLEOHLQWKHVKRUWWHUPWKHEHQHILWRIUHOHDVLQJWKHGRFXPHQWUDWKHUWKDQXQGHUJRLQJHQGOHVVUHYLHZ
SURFHVVHVDQGZKDWZDVXOWLPDWHO\GHVLUHGLQWKHORQJHUWHUP7KHLQWHQWZDVWRUHTXLUHDVFORVHDVSRVVLEOHWRWKH
ORQJHUWHUPPRGHODQGVRWKHUHTXLUHPHQWVRXWOLQHGLQ$SSHQGL[$JUHDWO\H[FHHGHGFRPPRQLQGXVWU\SUDFWLFHDQG
FRPPRQLQGXVWU\WUDLQLQJNQRZOHGJH)RUH[DPSOHLWZDVQRWFRPPRQIRUDVVHPEOHUWUDLQLQJSULRUWR$SSHQGL[$
WRLQFOXGHVXIILFLHQWWHFKQLFDOEDFNJURXQGLQWRZK\PXOWLSOHDVVHPEO\SDVVHVZHUHUHTXLUHGPHFKDQLFDOLQWHUDFWLRQ
RU IRU H[DPSOH ZK\ SDWWHUQ SDVVHV ZHUH UHTXLUHG IRU HYHQ JDVNHW LQLWLDO FRPSUHVVLRQ RU IRU H[DPSOH ZK\
GLIIHUHQWEROWPDWHULDOVZHUHUHTXLUHG
7KHUHIRUHZKDWZHDUHFXUUHQWO\IDFHGZLWKLVDVLWXDWLRQZKHUHWKHUHTXLUHPHQWVZULWWHQLQ$SSHQGL[$H[FHHG
FRPPRQ DVVHPEOHU WUDLQLQJ SUDFWLFH DQG LQ PDQ\ FDVHV DVVHPEOHU WUDLQHU NQRZOHGJH ,Q DGGLWLRQ WKH
GHPRQVWUDWLRQ UHTXLUHPHQWV LQ$SSHQGL[$ DOVR H[FHHG FXUUHQW$VVHPEOHU 7UDLQLQJ'HPRQVWUDWLRQ5LJ $7'5
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FDSDELOLWLHV,WLVQRWFRPPRQIRUH[DPSOHIRUDQ$7'5WREHDEOHWRGHPRQVWUDWHDFFHSWDEOHSUDFWLFHVUHODWLQJWR
MRLQW DQJXODUPLVDOLJQPHQW LQFOXGLQJ GHPRQVWUDWLQJ WKH DFFHSWDEOH OHYHOV RI IRUFH WR EULQJ WKH MRLQW WRJHWKHU LQ
DFFRUGDQFHZLWK$60(3&&$SSHQGL[(7KLVLVLQVSLWHRIMRLQWDOLJQPHQWEHLQJRQHRIWKHPRUHGLIILFXOWDQG
FULWLFDOIDFWRUVDVVRFLDWHGZLWK³VLPSOH´SLSLQJEROWHGMRLQWDVVHPEO\%RWKRIWKHVHIDFWRUVPHDQWKDWDVWHSFKDQJH
LQNQRZOHGJH LV UHTXLUHG IURPFXUUHQW WUDLQLQJDQGDVVHVVPHQWSUDFWLFHV7KLVZDVDFNQRZOHGJHGSULRU WRZULWLQJ
$SSHQGL[$DQGIRUWKHODVWVHYHUDO\HDUVSURJUHVVKDVEHHQPDGHWRUHFWLI\WKLVSUREOHPE\FUHDWLQJD7UDLQWKH
7UDLQHUSURJUDPZKLFKLQFRUSRUDWHVDEHVSRNH$7'5
7KHWUDLQLQJSURJUDPWKDWZLOOEHWDXJKWWRWKHDVVHPEOHUWUDLQHUVLQFRUSRUDWHVDFRUHFXUULFXOXPWKDWPHHWVWKH
UHTXLUHPHQWVRI$SSHQGL[$ZKLFK WKH WUDLQHUVFDQ WDNHZLWK WKHPDQGDUH UHTXLUHG WRJLYHGXULQJ WKHLU WUDLQLQJ
FRXUVH DV DPLQLPXP7KURXJKRXW WKH FRUH FXUULFXOXPZKHUHYHUSRVVLEOH DQGSUDFWLFDO WKH WKHRU\ LV WLHG LQWRD
GHPRQVWUDWLRQ WKDW LV SHUIRUPHG RQ WKH $7'5 7KLV LPSURYHV WKH WUDQVIHU RI NQRZOHGJH DV WKH WUDLQHHV JHW WR
LPPHGLDWHO\H[SHULHQFHILUVWKDQGWKHSUDFWLFDODSSOLFDWLRQRIWKHWKHRU\7KHWUDLQLQJPD\DOVRWKHQEHDXJPHQWHG
ZLWKSHUVRQDOH[SHULHQFHDQGDGGLWLRQDOORFDOLQIRUPDWLRQWDXJKWE\WKHWUDLQLQJRUJDQL]DWLRQRUUHTXLUHGE\WKHHQG
XVHURQDUHJLRQDOEDVLV


)LJ5HFHQWO\&RPSOHWHG$VVHPEOHU7UDLQLQJ'HPRQVWUDWLRQ5LJ
7KH$7'5GHYHORSHGE\ ,(6 )LJ UHSUHVHQWV D VLJQLILFDQW LPSURYHPHQWRYHUSUHYLRXVGHPRQVWUDWLRQ ULJV
ZLWKMRLQWVL]HVUDQJLQJIURP136WR136FODQGDEOHWRDFFRPPRGDWHERWKKDQGWRRODQGK\GUDXOLFWRRO
GHPRQVWUDWLRQV7KHUHDUHD WRWDORIMRLQWVRQ WKHULJDQGPRVW MRLQWVDUHIXOO\ LQVWUXPHQWHGVXFK WKDW WKHEROW
ORDGDQGIODQJHDOLJQPHQWFDQEHFRQWLQXDOO\PRQLWRUHGDQGGLVSOD\HGWRWKHWUDLQHHVGXULQJWKHGHPRQVWUDWLRQ,W
KDVWKHFDSDELOLW\RIRIIHULQJRYHUGHPRQVWUDWLRQVWKDWWLHLQZLWKFRUHFXUULFXOXPHDFKRQHRIWKHPDQLPSRUWDQW
OHVVRQ IRU WKH WUDLQHH LQ ZK\ FHUWDLQ WKLQJV DUH RU DUH QRW UHTXLUHG LQ EROWHG MRLQW DVVHPEO\ 7KLV LQFOXGHV WKH
DGGLWLRQRIDVKHOODQGWXEHEXQGOHPRGXOHZKLFKVHUYHVWRGHPRQVWUDWHDVVHPEO\RIWXEHVKHHWMRLQWVIRUWKHWUDLQHHV
LQFOXGLQJEXQGOHLQVWDOODWLRQ
,QDGGLWLRQWREHLQJVHWXSDVDGHPRQVWUDWLRQULJWKH$7'5LVDOVRXVHGWRIDFLOLWDWHSUDFWLFDOH[DPLQDWLRQRIWKH
VNLOOV OHDUQW E\ WKH WUDLQHH GXULQJ WKH FRXUVH RU DOWHUQDWLYHO\ VLPSO\ DV DQ H[DPLQDWLRQ WRRO WR GHWHUPLQH WKH
SURILFLHQF\RIDQDVVHPEOHUWUDLQHGE\H[WHUQDORUJDQL]DWLRQV6LQFHDOOWKHPDLQMRLQWEROWVDUHLQVWUXPHQWHGLWLV
SRVVLEOHWRORJWKHSURJUHVVDQGDFFXUDF\RIWKHDVVHPEO\EHLQJSHUIRUPHGE\WKHWUDLQHHXVLQJWKHDXWRPDWHGV\VWHP
7KLVSHUIRUPDQFHLVWKHQVHQWWRDFHQWUDOGDWDEDVHDQGDVVHVVHGIRUDFFHSWDEOHH[HFXWLRQRIWKHUHTXLUHGDVVHPEO\
SURFHGXUH,QWKLVZD\WUDLQHHSHUIRUPDQFHGXULQJWKHH[DPLQDWLRQLVUHFRUGHGDQGLQGHSHQGHQWO\YHULILHG+RZHYHU
DQ LQSHUVRQ DVVHVVPHQW E\ WKH WUDLQHU LV DOVR UHTXLUHG IRU IDFWRUV VXFK DV VHOHFWLRQ RI WKH FRUUHFW JDVNHW VDIH
H[HFXWLRQDQGDVVHPEOHUH[SHULHQFHOHYHO
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7KH$'75DOVRFRPHVZLWKPHDQVIRUXSWRWUDLQHHVWRWDNHWKHWKHRUHWLFDOPXOWLSOHFKRLFHH[DPLQDWLRQRQ
WKHFRUHFXUULFXOXPDQGDQ\UHJLRQDORUVLWHYDULDWLRQVRQWKDWFXUULFXOXP7KLVWHVWLQJPD\EHRQJRLQJDWWKHVDPH
WLPHDVWKHSUDFWLFDOH[DPLQDWLRQPHDQLQJWKDWXSWRWUDLQHHVFDQEHH[DPLQHGDWRQHWLPHLQWRWDO6LPLODUO\WRWKH
SUDFWLFDOH[DPWKHWKHRUHWLFDOUHVXOWVDUHXSORDGHGWRDFHQWUDOGDWDEDVHDQGRQFHDQLQGLYLGXDOKDVFRPSOHWHGWKHLU
FRXUVHDQGH[DPLQDWLRQVLIWKH\KDYHSDVVHGWKHLQSHUVRQWUDLQHUDVVHVVPHQWLQFOXGLQJDVVHVVPHQWRIHYLGHQFHRI
H[SHULHQFHDQGERWKWKHSUDFWLFDODQGWKHRUHWLFDOH[DPLQDWLRQVWKHQDQDVVHPEOHUTXDOLILFDWLRQFDUGPD\EHLVVXHG
7KHLQWHQWLVWKDWWKHWUDLQLQJRUJDQL]DWLRQVZLOOEHSHULRGLFDOO\DXGLWHGWRHQVXUHFRPSOLDQFHZLWKERWK$60(3&&
DQG WKHFRUHFXUULFXOXP6XFKDXGLWLQJZLOOEHSHULRGLFDV UHTXLUHGE\$SSHQGL[$EXWPD\DOVREH WULJJHUHG
EDVHGRQVWXGHQWSDVVUDWHVIRUWKHSUDFWLFDODQGWKHRUHWLFDOH[DPLQDWLRQDQGIHHGEDFNIURPHQGXVHUVVLQFHWKRVH
DUHLQGHSHQGHQWO\PRQLWRUHGYLDWKHDXWRPDWHGH[DPLQDWLRQV\VWHP
&RQFOXVLRQV
&RUHUHVHDUFKDQGGHYHORSPHQWLQWRWKHGHVLJQDQDO\VLVDQGDVVHPEO\RISUHVVXUHERXQGDU\EROWHGMRLQWVLVDOLYH
DQG ZHOO LQ $XVWUDOLD 5HFHQW SURJUHVV RQ WKH WKUHH LPSRUWDQW DQG GLYHUVH SURMHFWV SUHVHQWHG LQ WKLV SDSHU ZLOO
FRQWULEXWHJUHDWO\WRUHGXFLQJWKHLQFLGHQFHRIMRLQWOHDNDJHLQWKHIXWXUH7KHPHWKRGVSUHVHQWHGDUHDWWKLVSRLQW
OHDGLQJHGJHEXWZLOOEHFRPHLQFUHDVLQJO\FRPPRQSODFHLQ\HDUVWRFRPHDVJHQHUDONQRZOHGJHUHJDUGLQJSUHVVXUH
ERXQGDU\EROWHGMRLQWVFRQWLQXHVWRLPSURYHZLWKLQLQGXVWU\
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